Benign prostatic hyperplasia (BPH), common in the elderly men patients with urinary diseases, is increasing gradually due to aging and the westernization of dietary patterns. The incidence of moderate to severe lower urinary tract symptoms is high [1-3] in men aged 40 or older and increases by 40% to 70% in men aged 60 to 70. Prostate hyperplasia is known to be closely related to male hormone levels and deterioration of endocrine function due to the aging process. Typical symptoms include delayed urination, urinary incontinence, nocturia, and lower urinary tract symptoms. Lower urinary tract symptoms resulting from prostate Purpose: Sesquiterpene lactones, which are found in plants of the Asteraceae family, contain costunolide (CO) and dehydrocostus lactone (DCL) as indicator material. CO, in particular, has been reported to possess varied pharmacological activity, including anti-inflammatory, antibacterial, and antioxidant effects. This study was designed to characterize the effects of CO and DCL on benign prostate hyperplasia (BPH). Materials and Methods: Rats were injected subcutaneously daily for 8 weeks with 5 mg/kg testosterone to induce prostatic hyperplasia. Wistar rats were randomly divided into 5 groups of 10 animals each and received the following treatment: I. Normal control group; II. BPH-induced group; III. CO group (0.075 mg/kg); IV. DCL group (0.075 mg/kg); and V. Finasteride group (0.8 mg/kg). After treatment, changes in prostate weight and serum biochemical indices, serum dihydrotestosterone level, and mRNA levels of BCL2 were measured and histological examinations performed. Results: Absolute and relative prostate weight in the indicator material treated groups, as well as prostate volume, decreased compared to those in the disease-induced group. Epithelial cell thickness increased significantly in the disease-induced group, with a significant decrease being observed in the CO group. The level of the anti-apoptotic protein BCL2 (B-cell lymphoma 2) tended to decrease to a greater extent in the DCL group than in the disease-induced group. Conclusions: In this study, we confirmed that the indicator materials (CO and DCL) can help suppress the development of BPH.
INTRODUCTION
enlargement not only deteriorate male sexual function due to erectile dysfunction, but also lower their overall quality of life; consequently, lower urinary tract symptoms are closely related to depression [3] . Prostate hypertrophy, which affects both physical and mental functions in older men, has become an important medical problem [4] . As economic and social conditions have improved in recent years, there has been a growing public interest in and a study for BPH. Although the blood testosterone concentration decreases with age, the activity of intracellular steroid 5 alpha-reductase type 2 is maintained at a high level and testosterone conversion to its highly biologically active metabolite, dihydrotestosterone (DHT), is increased [5] . Increased DHT binds to the androgen receptor (AR), the male hormone receptor, which promotes the production of prostate-specific antigen (PSA) [6] . In other words, as the aging of the male progresses, the secretion of male hormones produced in the testis is reduced, and AR is increased to maintain the balance of the endocrine system, and DHT binds to more parts, resulting in enlargement of the prostate [7] . Increased levels of PSA, commonly observed in patients with prostate hypertrophy, are treated with 5 alpha-reductase inhibitors, such as finasteride and dutasteride. It is known that increased DHT reduces binding to AR and decreases PSA levels [8, 9] .
Apoptosis is one of the mechanisms that inhibits the proliferation of cancer cells in a way that cells are controlled by genes and die. Survivin, an apoptosissuppressing gene, has been reported to be increased in patients with prostate cancer and prostatic hyperplasia [10] . It is known that BCL-2, which plays an important role in the apoptosis process, is expressed in the prostate epithelium.
Prostate hyperplasia is characterized histologically by progressive hyperplasia of the peri-urethral anastomosis and excessive proliferation of stromal tissue in the prostate transitional zone [11] . Additionally, there is evidence that specimens with induced prostate hypertrophy show inflammatory infiltration, suggesting that prostatectomy may be an inflammatory disease and that reducing inflammation may be important in BPH therapy [12] .
Sesquiterpene lactones are found predominantly in plants of the Asteraceae family, and include costunolide (CO) and dehydrocostus lactone (DCL) as indicator materials [13] [14] [15] . CO, one of the major sesquiterpene lactones, has been shown to possess a variety of pharmacological properties, such as anti-inflammatory, antimicrobial, and antiviral activity [16] [17] [18] , as well as being a strong antioxidant that prevents blood vessel oxidation [19] . Another study demonstrated that sesquiterpene lactone, including CO and DCL, strongly inhibited nitric oxide production in lipopolysaccharideinduced macrophages and inhibited inducible nitric oxide synthase and tumor necrosis factor-α expression by inhibiting nuclear factor-κB activation [18] .
Although many studies on the efficacy of sequiterpene lactone have been reported, the efficacy of prostate hypertrophy is unknown. In this study, therefore, we investigated the potential of CO and DCL as treatments for BPH in a previous study on sesquiterpene lactones.
MATERIALS AND METHODS

Experimental material
CO was purchased from Selleckchem (S1319; Houston, TX, USA) and DCL was purchased from ChemFaces (CFN98720; Wuhan, China). Testosterone undecanoate was purchased from Bayer Co., Ltd (Nebido ® ; Seoul, Korea). Finasteride was purchased from MSD (Proscar ® ; Seoul, Korea). Specific pathogen-free Wistar rats (n=60) were purchased from Samtaco Bio Co. (Osan, Korea). Male Wistar rats weighing 320 to 350 g were used and housed in plastic cages containing two rats each. All test animals had ad libitum access to food and water for 16 weeks after an acclimatization period of 1 week prior to the start of the experiment. The housing room was maintained at 22°C±2°C, 50%±5% humidity, and a 12-hour light/dark cycle.
Ethics statement
All experimental animals were treated in accordance with ethical guidelines issued by the Institutional Animal Care and Use Committee (IACUC) of Sahmyook University for the care and use of laboratory animals (No. SYUIACUC 2016-007).
Design of a benign prostatic hyperplasia animal model
The animals in this study were randomly assigned to 5 groups of 10 animals each, as follows: group I, normal control group that received distilled water with corn oil; group II, BPH induced by testosterone undecanoate www.wjmh.org 5 mg/kg; group III, CO (0.075 mg/kg) treatment group; group IV, DCL (0.075 mg/kg) treatment group; and group V, finasteride (0.8 mg/kg) treatment group. As a preliminary experiment to determine the capacity of the group III and IV, the optimal dose was set based on the results of the anti-inflammatory efficacy test (nitric oxide assay) and the cytotoxicity test (MTT assay) (data not shown). Finasteride, a 5 alpha-reductase inhibitor, was used as a positive anti-BPH drug. All the animals, except for those in the normal control group, were castrated through aseptic removal of both testes. All groups except the group I were injected subcutaneously with 5 mg/kg testosterone daily for 8 weeks to induce prostate hyperplasia. During the experiment, testosterone was injected daily to maintain constant prostate hypertrophy, whereas the group I was injected with corn oil. Group III and group IV, suspended in physiological saline, were administered orally at predetermined doses; group V was orally administered finasteride at a dose of 0.8 mg/kg suspended in physiological saline. The group I was treated with distilled water in the same manner as the other experimental groups to exclude the variable due to oral administration stress. Oral administration was administered daily for a total of 8 weeks.
Benign prostatic hyperplasia markers
All the rats were euthanized by ether anesthesia after fasting. The prostate, liver, thymus, and spleen were weighed using an electronic scale (CUX220H; CAS Corporation, Seoul, Korea). The prostate index (PI) was calculated as 'prostate weight/rat body weight×100'. The lengths of the long and short axes were measured using a digital caliper and the prostate volume was then calculated using the following equation: 1/2 (a×b 2 ) where a and b indicate the long and short axes, respectively [20] .
Serum biochemical indices
Blood for biochemical analysis was obtained via the abdominal vein. After incubation for 30 minutes at 20°C, serum was separated by centrifugation at 10,000 rpm for 5 minutes. The isolated serum was stored at -70°C and measured for various parameters, namely, aspartate aminotransferase (AST), alkaline phosphatase (ALP), creatinine, total cholesterol, high density lipoprotein (HDL), and low density lipoprotein (LDL) levels, using a blood biochemical analyzer (AU480;
Beckman Coulter, Brea, CA, USA).
Measurement of serum dihydrotestosterone levels
Analysis of serum DHT levels was performed using the blood collected from the test animals after autopsy. The serum was separated by centrifugation at 10,000 rpm at 4°C for 5 minutes and DHT levels were detected using a DHT ELISA kit (Rat DHT ELISA kit; Cusabio, Barksdale, DE, USA). All analyses were performed according to the manufacturer's protocol and the values were represented as pg/mL.
RNA isolation and real-time polymerase chain reaction
Total RNA (a total of 200 ng) was isolated from prostate tissues using a total RNA purification kit (GeneAll Hybrid-R TM ; GeneAll, Seoul, Korea). For cDNA synthesis, the extracted 1 μg RNA was mixed with RT-premix (GeneAll HyperScript TM , GeneAll) and oligo (dT) 16 primer. The conditions used were 42°C for 5 minutes, 55°C for 60 minutes, and 95°C for 5 minutes. The primer sequences for GAPDH (glyceraldehyde 3-phosphate dehydrogenase) used as housekeeping gene and BCL-2 are shown in Table 1 . Real-time polymerase chain reaction (PCR) (AB StepOnePlus TM System, Waltham, MA, USA) was performed using a PCR Master mix (AB Power SYBR ® Green, Waltham, MA, USA), 0.5 µM of each primer, and synthesized cDNA. The results were analyzed using the StepOnePlus TM real-time PCR system software, with GAPDH as a control for the amplified genes.
Histological examinations
The size and weight of rat prostate tissues were measured after the experiment, and the tissues were then fixed in a 10% formalin solution for histopathological evaluation. Each tissue was cut into 4-to 5-µm thick paraffin blocks. Histopathological slides were prepared and stained with H&E. Changes in prostate surface area and epithelial thickness were determined by optical microscopy (Olympus, Tokyo, Japan).
Statistical analysis
All statistical analyses were performed using Graph-Pad Prism ® ver. 5.0 (GraphPad Software, San Diego, CA, USA). Significant differences between groups were verified by one-way analysis of variance (ANOVA) and Dunnett's multiple comparison tests. All data are presented as the mean±standard error of the mean. Values of p<0.05 were considered statistically significant.
RESULTS
Body weight change
The body weight of rats in each group was measured every week during the experimental period. Body weight in the disease-induced group showed a gradual decrease compared to the normal control group (Fig.  1 ). There was no significant difference in body weight between the indicator material-treated groups and the finasteride-treated group.
Inhibitory effect of indicator material on prostate hyperplasia
Prostate weight, PI, and prostate volume were significantly increased in the disease-induced group (1.87±0.17 g, 0.45%±0.04%, 6,471±456 mm 3 , respectively) compared to the normal control group (1.09±0.10 g, 0.22%±0.02%, 2,589±576 mm 3 , respectively). The values for the three parameters were significantly reduced in both the CO and finasteride groups compared to the disease-induced group (p<0.001, in each group) ( Table 2 ).
Comparison of changes in organ weights
Liver weight decreased significantly in the diseaseinduced group (9.57±0.49 g) compared to the normal control group (11.28±0.87 g). Liver weight in the COand DCL-treated groups also decreased compared to the normal control group, but with no significant difference. Spleen weights were similar in all groups (Table  3 ).
Biochemical index
The levels of AST, ALP, and creatinine were measured to determine the toxicity of the tested substances for liver and kidney function. Total cholesterol, HDL, and LDL levels were also evaluated. CO and DCL did not promote the activity of the serum toxicity marker enzymes, such as AST and ALP. It is indicated that rats of each group had a normal function of livers. In addition, creatinine levels did not increase, so there was no problem in nephrotoxicity. Total cholesterol levels were similar in all the groups. The levels of HDL were similar in all groups, except for the finasteride-treated group where a significant difference was recorded compared to the disease-induced group (p<0.05). The levels of LDL showed a similar tendency in all groups (Table  4 ).
Determination of dihydrotestosterone levels
The serum DHT level increased in the disease-induced group compared to the normal control group, but with no statistically significant difference. DHT levels in the CO and DCL treated groups also did not show a statistically significant trend compared to those in the disease-induced group (Fig. 2 ).
Influence on the expression of apoptosis factors
The mRNA expression level of BCL-2 was confirmed by quantitative real-time PCR (Fig. 3) . The BCL-2 gene is an oncogene that suppresses the expression of apoptosis factors [21] . Our results showed that the BCL-2 mRNA expression level tended to increase in the disease induced group compared to the normal control group, but with no significant difference; however, the level of BCL-2 mRNA in the DCL group was significantly different from that in the disease-induced group.
Prostate tissue morphology
Prostate hypertrophy is characterized by proliferation of epithelial cells and increased area of prostate vesicles [22, 23] . The mean epithelial thickness in the disease-induced group was 66.7±11.21 µm, which was significantly higher by approximately four-fold than that in the normal control group (15.8±2.32 µm). The mean epithelial thickness decreased significantly in the CO group compared to the disease-induced group, and decreased insignificantly in the DCL group. The mean epithelial thickness in the finasteride group was 19.84±4.55 µm, representing a significant decrease compared to that recorded for the disease-induced group (Fig. 4 ).
DISCUSSION
In this study, we examined the efficacy of CO and DCL as a potential treatment for prostatic hyperplasia. Both CO and DCL are sesquiterpene lactones that can be extracted as indicator materials from Asteraceae plants. The major efficacies of these materials include anti-angiogenic [13] , antimicrobial [16] , and anti-inflammatory activity that strongly inhibit nitric oxide production by lipopolysaccharides [17] . CO, in particular, has been shown to inhibit cancer cells through apoptosis in human leukemia cells and rat colorectal cancer [24, 25] .
In this study, we measured the levels of factors that contribute to prostate hypertrophy and evaluated the www.wjmh.org effects of key indicators on prostate hyperplasia. Absolute and relative prostate weight and volume decreased in the CO-and DCL-treated groups compared to the disease-induced group, with the CO group showing a statistically significant decrease. Organ weights tended to decrease slightly in all treatment groups compared to the normal group, but with no significant difference. The creatinine levels were measured to identify renal toxicity due to diseases such as lower urinary tract symptoms [4] . The AST and ALP levels were measured to confirm liver toxicity. Total cholesterol, and HDL and LDL levels were also measured. Toxicity tests values outside the normal range were not observed and that liver and kidney functions were normal. Because prostate enlargement is characterized by proliferation of epithelial cells and increased area of prostate vesicles [22, 23] , we measured changes in epithelial thickness. Epithelial thickness increased significantly in the disease-induced group compared to the normal group, whereas the CO group showed a statistically significant decrease.
The higher the testosterone concentration in the blood of castrated rats, the more DHT is synthesized by 5 alpha-reductase enzymes in the prostate; the synthesized DHT binds to the AR on prostate cells, resulting in prostate enlargement [4] . In this study, therefore, we first measured the levels of DHT in the different treatment groups. In the group treated with finasteride, a 5 alpha-reductase inhibitor, the level of DHT tended to decrease, but no difference in DHT levels was observed in the CO and DCL groups. In this study, DHT level confirmation was analyzed by serum with reference to several other studies [6, 20] , but it is considered that future studies should be analyzed as prostate tissue. The mRNA expression level of BCL-2, another mechanism, was evaluated by quantitative real-time PCR. After the prostate has grown to adult size, it enters a maintenance phase where proliferation of the prostate cells and death of the cells are balanced by an equal ratio. The pro-apoptotic BCL-2-associated X, apoptosis regulator (BAX) protein migrates to the mitochondrial membrane and inhibits the regulation of anti-apoptotic proteins, thereby depolarizing the mitochondrial membrane and releasing cytochrome c [26, 27] . In contrast, BCL-2, an anti-apoptotic protein, is overexpressed in basal and luminal epithelial cells of BPH compared with normal prostate tissue, and deregulation of normal apoptotic cell death mechanisms in prostate.
Eventually, cell proliferation causes growth imbalance, resulting in prostatic hyperplasia. Also, BCL-2, an antiapoptotic protein, plays an important role in regulating apoptosis by inhibiting the depolarization of mitochondrial membranes and increasing membrane oxidative phosphorylation, thereby suppressing mitochondrial permeability. It was also confirmed that CO inhibits BCL-2 expression and plays a role in apoptosis [28] . The BCL-2 protein inhibits apoptosis by blocking permeable transition pores and limiting the release of cytochrome c present in the mitochondria [29] . The ratio of BCL-2 to BAX is important in determining cellular fate, and an increase in the ratio results in abnormal expression of proteins that is commonly observed in patients with BPH [30] . The BCL-2 mRNA expression level was not different in the finasteride group and showed a greater tendency to decrease in the CO and DCL groups than in the disease-induced group. In addition, reports that two major sesquiterpene lactones, CO and DCL, induce apoptosis, suggest that these two substances may reduce the expression of apoptosis-related genes [21] .
The BCL-2 mRNA expression level was not different in the finasteride group and showed a greater tendency to decrease in the CO and DCL groups than in the disease-induced group.
In this study, we examined the effect of the sesquiterpene lactones, CO and DCL, on prostate hypertrophy. Both lactones not only reduced prostate weight, index, and volume, but also affected BCL-2 expression. CO, in particular, is thought to play a role in inhibiting the development of prostate hyperplasia as it was shown to have anti-inflammatory effects [17] . In the present study, we concluded that the functions of BCL-2 in apoptosis can ameliorate the symptoms of prostatic hyperplasia through mechanisms other than 5 alphareductase inhibition. Nevertheless, further experiments with BAX to confirm the increase of pro-apoptotic protein are needed and establishment of a detailed mechanism of apoptosis induction is necessary.
CONCLUSIONS
In summary, CO and DCL were significantly related to BPH. Prostate hypertrophy was significantly decreased in the CO and DCL treatment groups. Oral administration of the sesquiterpene lactones, CO and DCL, in a rat model of BPH elicited marked reductions in the prostatic index, prostate weight, and epithelial hyperplasia in the serum and prostate, as well as in BCL-2 serum. However, further studies using different solvents as well as treatment concentrations after addition will be necessary for a complete understanding of the effects of CO and DCL on BPH.
